Introduction
The Covenant of Mayors initiative was established by the European Commission in 2008, after the adoption of the 2020 EU Climate and Energy Package, to help municipalities in the implementation of sustainable energy policy [1] . The goal of the initiative is to reduce CO 2 emissions by 20% till 2020 which is in accordance with the EU 20-20-20 goal. This is the biggest initiative in the Europe of this type which gathered 6,620 municipalities and more than 211 million citizens in November 2015 [1] . In the process are also included Covenant supporters, coordinators and others, which help municipalities to bring and implement sustainable energy action plans (SEAP). Their number was more than 370 [1] . Most of the municipalities have less than 50,000 residents and they make out more that 88% of the initiative. In Croatia, the initiative gathers 60 municipalities, which included 8 of the 10 largest cities, and more than 2.5 million citizens [2] .
--------------
Local energy planning, that the Covenant of Mayors is supporting, has not been thoroughly analysed in the literature [3] , even though local authorities can have a significant influence on the reduction of energy consumption and GHG emissions [4] . An energy policy that is focused on utilizing the strong potential of renewable energy and energy efficiency can strengthen local capacities for energy production [5] . Recommendations for further research in this area are given in [6] and they include the development of standardised methodologies for tracking emissions on a local level, the introduction of different indicators, a collection of microclimate data and support for involving citizens and stakeholders. Lack of communication and information available to the citizens has been pointed out as the main issue, but once citizens were properly informed they strongly supported activities carried out by the Covenant initiative. Regarding the development and implementation of SEAP in rural communities, main issues, needs and priorities are given and explained in several cases in [7] .
The most important steps in developing SEAP according to [8] are the analysis of the present situation, present and future energy and CO 2 balance and estimation of reduction potential; a strategy to reach targets, with targets' definition, measures and implementation plan; and a regular plan's monitoring. Estimation of current energy consumption and emissions status can be done with a developed method for tracking GHG emissions in cities [9] , or using a system which is developed for countries [10] . Each of these methods requires large amounts of input data and neither is adjusted to smaller municipalities that are mostly joining the Covenant [2] , as it is the case in this paper. A methodology that characterises energy systems at the regional level and that takes into account policy background, energy uses, infrastructures, market behaviour and community attitude for sustainable development is developed in [11] . A lack of good input data is analysed in [12] where it is identified to being a big problem. Methodology and a tool for the calculation of energy consumption and GHG emissions for the development of sustainable local energy and climate plans are tested and presented in [13] . Methods for assessing energy consumption and emissions for residential sector are developed in [14] . For estimation of GHG emissions from statistical data available in Finland, Monni and Syri [15] developed a methodology that could be altered and used in other cases. Estimation of emissions from public buildings could be done based on methodology presented in [16] and for road traffic, a methodology is developed in [17] . Municipal policy support for the bioenergy projects in the area of direct support of innovation, infrastructure, regulation (protection and standards) and public engagement in the case of Norway is show by Rygg in [18] . On the other hand, problems with lack of municipal support and the role of public administration which has to set example to private sector in reducing GHG emissions is analysed in [19] , and problems with lack of citizens support and development of sustainable urban mobility plans in transport sector that are not connected with Covenant is pointed in [20] . More tools and methods for small municipalities that are developing SEAP needs to be developed, according to Amorim in [8] , since they play an important role in the local energy planning [21] . One of the tools that can be helpful for local governance officers in local RES planning is developed in [22] .
When looking at emissions reduction, implementation of energy efficiency and renewable energy sources, it is shown in [23] that large cities and more urban areas have a higher potential for reduction of emissions and energy efficiency, but small municipalities can implement more renewables. Choice of actions and measures for reduction of CO 2 and implementation of renewables was analysed in [24] and new methodology for selection of ac-tions is proposed in [25] . Penetration of more renewables could be increased with the implementation of smart grid technology similar to one described in [26] . One of the key measures that are implemented in all municipalities is the replacement of public lightning and it is recommended to follow the methodology developed in [27] when dealing with this measure. The selection of most cost effective measures and ones that should be implemented later is given in [28] . Finally, tracking the emission reduction can be done with different types of indicators that are introduced in [29] and [30] where are given indexes for tracking the current sustainability status of the local communities. Another index that could be used is the SDEWES index [31] and [32] which tracks seven different types of sustainability in cities.
Municipalities can join the Covenant individually or jointly with neighbouring municipalities -denoted option 1 and option 2, respectively. Joint SEAP is targeting neighbouring municipalities with less than 10,000 inhabitants and urban agglomerations with suburbs and gravitating satellite administrative areas [33] . There are currently 71 groups of municipalities that have made a joint approach, of which 65 have joined according to the option 2 [33] . Municipalities, which jointly approached, did not try to integrate individual approach to get joint SEAP, as it is done in this paper. Generally, all documents and tasks in joint option 2 are done shared for all municipalities that are in the group, except submission of SEAP city council approval. This is different from the individual and joint approach option 1 where almost everything is done individually, as shown in tab. 1. This paper will compare individual and joint measures developed in SEAP since it has been noticed that there could be achieved benefits for small municipalities if they decide to join the initiative together.
This paper presents indicators that are used for the calculation of baseline emissions inventory and compares the two different types of the joining the Covenant of Mayors initiative, individual and joint approach. Firstly, it will be described the process of joint approach to the Covenant of Mayors, with outlining the four characteristic phases: -initiation phase, -planning phase, -implementation phase, and -monitoring and reporting phase.
Then factors used for the calculation of energy consumption and emissions for the area chosen are presented. Main results in the form of the emissions calculated with the presented factors are given and possible reductions in CO 2 emissions are presented by sectors.
Comparison between the two different types of the approaches in the initiative for the presented case is given together with a discussion on the best way for small municipalities to join the initiative. Finally, in the conclusion, main results of the joint approach are presented, differences between joint and individual approach are outlined with the possibilities for future work in the area. 
Methods
Here are described the factors that are used for the creation of baseline emissions inventory and the method that is used for the development of the joint SEAP. There are four phases in the joint SEAP process and they will be shortly described. Everything starts with municipalities signing the Covenant Adhesion Form, but this time as a part of the group of municipalities instead of an individual. According to the joint approach by option 2, group of municipalities is making one BEI and one SEAP which has to contain joint measures. In the initiation phase, it is important to secure political commitment with the signing of the Covenant. Administrative municipal structures should be adapted to address all necessary challenges and organized in action group which will include representatives from all municipalities, regional authority, local action group, regional and local development agencies, different associations, citizens and other stakeholders from the municipalities that have decided to join together in the group. There should be selected coordinator of the group and external support from the educational, scientific and the developing institutions should be secured. The coordinator of the group should be chosen from the regional authority/agency that is responsible for all municipalities included in the joint approach, rather than from the one of the municipalities. It is very important that the SEAP is compliant with other strategic documents and initiatives of the local government and administrative departments.
Calculation BEI and SEAP
Planning phase comes second with the development of BEI and SEAP. There needs to be chosen baseline year for SEAP and data on the energy consumption collected or calculated. Data are estimated according to the methodology described below. Sectors of energy consumption are divided into public buildings, public lighting, households, commercial, public transport, government vehicles and other road transport. Energy consumption of commercial and household sector is estimated for all fuels except electricity for which data was provided. Consumption of other fuels was calculated from county level by using many statistical parameters. Consumption of biomass was estimated with factor f 1 shown in eq. (1), where USP opc is a total living area in the municipality, USP zup in the county, PNS opc is an area of abandoned apartments in the municipality and PNS zup in the county. Factor f 1 represents the ratio of the heating area that is used in county and municipality:
The second factor used for estimation of biomass is f 2 shown in eq. (2), where S opc is a number of citizens in the municipality and S zup in the county. This factor gives the ratio between a number of the citizens that live in the municipality and the county:
Consumption of biomass is estimated with eq. (3), where B zup is consumption of biomass in the county:
Factors used for estimation of fuel oil and liquefied petroleum gas (LPG) in households are shown in eqs. (4)- (6) . Factor f 3 is calculated with eq. (4), where N is a number of tourists overnight stays in municipality and county. This factor represents the ratio between tourist overnight stays in the municipality and in the county:
Factor f 4 is calculated according to eq. (5), in which NS is a number of settled apartments, PNS is a number of temporarily settled apartments, SOR is a number of apartments for recreation and rest, SIT is a number of apartments for renting to tourists, and SOD is a number of apartments for other activities. Factor f 4 represents the ratio between a number of apartments in the municipality and the county that are used at least for a couple of months during the year:
Factor f 5 is calculated in a way shown in eq. (6), where OS is a number of wellequipped apartments, those that have kitchen and bathroom and toilet. It represents the ratio of well-equipped apartments in the municipality and in the county:
Consumption of LPG in households in the municipality is calculated by eq. (7):
Consumption of fuel oil in households is calculated by eq. (8):
Consumption of LPG and fuel oil in the commercial sector is estimated by eq. (9):
Consumption in other road transport is estimated by eq. (10), in which BV is a number of vehicles of a specific type in the municipality, SPG is a specific consumption of that type of vehicle in the municipality, and PBK is the average number of yearly passed kilometres of that type of vehicle. Consumptions are separately calculated for diesel and petrol fuel, and there were 4 types of vehicles: mopeds and motorcycles, cars, light trucks (< 3.5 tonnes) and heavy trucks: lation is ICLEI Europe's basic greenhouse gas inventory quantification tool. For electricity emission factor, it is used national factor for 2012 [34] [37] . National action plan for renewable energy sources [38] , energy strategy of the Republic of Croatia [39] , programme of energy renovation of family houses [40] , SEAP [1] of other Adriatic municipalities and guidebook [41] were used for selection of additional measures. Production of electricity from photovoltaics was estimated by using PVGIS calculator [42] .
Approval, implementation and monitoring of plan
Approval of the plan by the municipal council is a most important step for SEAP implementation. With joint approach according to the option 2 municipalities on the island are making a commitment that they will together act towards the achieving goals taken by joining the initiative. For the monitoring of the action plan every two years, there should be submitted a monitoring report to the Covenant of Mayors Office. At least every four years, action group must submit monitoring emissions inventory (MEI) and action group with representatives of the municipalities is responsible for SEAP implementation.
Results
The results of the described methodology are tested in the case of the island of Korcula and main outcomes are presented. Energy consumption for the baseline year with emissions of CO 2 is calculated. Local energy production and the potential for implementation of RES are analysed. There are presented measures for the reduction of the emissions for at least 20% till 2020. This was done so that results could be compared with the results of the individual approach to the initiative that the municipalities located on the island have done. In the last paragraph, the cost of measures and potential for investment is compared between joint approach for all public authorities on the island and individual joining. This was done for the selected measures from the household sector because they are most common for the reduction of CO 2 emissions.
Case of the Korcula island
The island of Korcula is located in the south of Croatia in Dubrovnik-Neretva County and is the sixth island by size in Croatia with an area of 279 km 2 [43] . Administratively it is divided into one city and four municipalities which together have 15,521 inhabitants. Municipalities that are located on the island are Vela Luka, Blato, Smokvica and Lumbarda, and the City of Korcula which is the largest local administration on the island. Municipalities of Vela Luka, Blato and Smokvica, and the City of Korcula have developed SEAP with help from UNIZAG FSB and this paper is used to compare two different ways to join the initiative, and integration of individual SEAP. 
Local energy consumption and production
Final energy consumption of the island of Korcula in 2012 was estimated at 176 GWh and by sector and fuel type is shown in tab. 3. If we look at this consumption by sectors, highest consumption has the sector of the other road transport, 78,788 MWh and his share is 44.68%. It is followed by the households with a share of 37.53% and the commercial sector with 15.16%. Public sectors have shares lower than 1%, and together they have a share of 2.63%. By fuel type, highest consumption is of electricity with a share of 32.92%. It is followed by diesel, 27.99% and petrol with 17.66%. On the island of Korcula, there are not located big power plants or similar facilities. According to the available data, the only energy produced on the island was from solar collectors for heating of the hot water and in 2012, it was estimated at 78 MWh. In the City of Korcula is installed PV plant Gojko Arneri with 50 kW of installed capacity, but it was not operational in 2012. The average yearly value of insolation at the horizontal surface is from 1.5 to 1.55 MWh/m 2 , and for optimal slope, from 34° to 36°, this is from 1.69 to 1.93 MWh/m 2 , which represents big solar potential. Wind potential also exists, but the law is very restrictive regarding construction of wind farms on islands. Biomass from wood is mostly used because 30% of the households is heating on it. Since agriculture is very important on the island there should be tested the potential of producing energy from leftovers after production of wine and olive oil. Geothermal energy has a low gradient but it could be used for ground source heat pumps [44] . 
Baseline emissions inventory
Total emissions in the analysed sectors on the island of Korcula for 2012 were 42,923 tCO 2 , from which 1,328 tCO 2 was from public sector giving it a share of 3.1%. For each sector, share of the emissions is given in fig. 1 . Emissions, consumption of energy, energy intensity, the share of the emissions and average emissions per resident are shown over fuel type in tab. 4. Most of the emissions, 17,996 tCO 2 , comes from the electricity consumption and they have a share of 41.8%. It is followed by diesel and petrol fuel with shares of 30.7% and 18.1%. Average energy consumption per resident on the island of Korcula is 11,361 kWh, which is lower than national average without industry, air, railroad and sea transport, that is 12,814 kWh [45, 34] . Average emissions per resident on the island are 2.774 tCO 2 which is also lower than the national average from the energy sector, 3.956 tCO 2 [46] . This had to be taken with reservation because some sectors like industry, other transport, agriculture and construction are not taken into account in the SEAP. 
Actions and measures for the reduction of CO 2
For the reduction of CO 2 34 measures were selected on the island and they are going to be listed in tab. 5. In the public sector, there were selected 11 measures and their contribution to reductions of CO 2 by 2020 is 416 tCO 2 which will result in a reduction from baseline year for 31.36%. Modernization of the public lighting will be contributing mostly to the reduction of CO 2 emissions because of necessary reconstruction of lightning in the City of Korcula. In the household sector, nine measures were selected. They will reduce emissions by 25.37% in this sector by 2020, compared to the baseline year. This reduction will be mostly contributed by replacement of inefficient indoor lighting and replacement of household devices with more efficient ones, for which EPEEF gives subsidies [37] . In the commercial sector, measures will bring a reduction of emissions by 1,032 tCO 2 till 2020. This reduction is mostly related to the reduction of electricity consumption and the local production of electricity from PV systems. Measures for the road transport sector will reduce emissions by around 22.92%. This is mostly achieved by introduction of the biofuels and the eco-driving education. 
Comparison of expenses for individual and joint measures
Several measures were compared from the household sector in tab. 6: -co-financing of replacement of el. boilers with heat pumps, -insulation of buildings external envelope and roofs, -replacement of external woodwork in households, and -introduction of small PV systems on the roofs.
The biggest investment of individual measures does not cross 65,000 € which is a small amount for potential investors. With joint planning, smallest amount is around 150,000 €. Even though this is still relatively small amount it is 3 times bigger than largest individual and therefore 3 times more interesting to the potential investors. This shows that more municipalities in the area should join to make the measures more economical. Integration of four SEAP and adding one more municipality into the initiative with this method shows a good potential. Therefore, it is suggested to the small municipalities, with a similar background to integrate their current SEAP with neighbouring local authorities to achieve benefits that this approach provides. The second step that is suggested is the integration of SEAP with Sustainable Urban Mobility Plan since this would additionally improve local energy planning on islands where transport is the biggest emitter of CO 2 . 
Conclusions
Integrated SEAP gives small municipalities possibility to make one strategic document with common goals, which enables them to have less utilization of their limited human and financial resources. For the implementation of more complex measures, this removes administrative boundaries and supports mutual communication and cooperation between neighbouring municipalities. There can also be achieved knowledge transfer between more advanced municipalities in the area to ones less advanced.
There was analysed consumption in four municipalities and one city on the island of Korcula. Final energy consumption in baseline 2012 was estimated to be 176 GWh and this comes from seven analysed sectors. Electricity is most common used fuel with a share in consumption of 32.92%, but most energy is consumed in road transport sector. Total emissions from analysed sectors are 42,923 tCO 2 , which means that each citizen emits 2,765 tCO 2 yearly. Total reduction of emissions which can be achieved by proposed measures is 9,453 tCO 2 , which is a reduction of 22.02% till 2020 which is shown on fig. 2 .
The integrated approach in the Croatian case for rural municipalities can be easily done with local action groups (LAG) [51] . There is currently 61 LAG and they are covering almost all territory in Croatia, except large cities. Their task is to encourage local sustainable development so that development of SEAP could be an additional tool which will bring them closer to achieving their goals. One of the biggest advantages of an integrated approach is a joint planning of measures that are increasing and thus achieving possibility to aces EU funds and simplifies planning process. With joint procurement, there can be achieved economy of scale which will reduce expenses. Educational activities are easier to plan on the island scale and there is achieved the easier transfer of knowledge between municipalities. This also simplifies procedures for construction of larger RES plants that are crossing the border of one municipality. With a joint approach to the Covenant of Mayors, small municipalities which do not have enough human or financial capacity are joining their capacities and can more efficiently act on the reduction of CO 2 emissions, an increase of energy efficiency and penetration of RES. 
